Abstract. Intensive agricultural practices have been characterized by an overuse of agrochemicals. The inputs of chemicals in a watershed are likely to alter trophic interactions affecting its ecological integrity. This ecotoxicological study aims to identify warning signals of agrochemicals effects on a plankton community. Eighteen outdoor microcosms were used to establish an experiment with 2 concentrations of copper sulfate above and below the legal limit with six replicates lasting two weeks. Phytoplankton and Zooplankton structure changes were studied. Chlorophyll-a concentration was used as a functional indicator. A rapid change in phytoplankton structural features, abundance and size classes, was detected after both, below and above legal, concentrations. Similarly, Zooplankton structural changes showed an effect of copper exposures on abundance and composition. As Phytoplankton response was so rapid, it could be used as an early and direct warning signal, but also to warn of future indirect effects on zooplankton structural features owing to a change of food resources. In summary, the shifts across both trophic levels could be use as warning signals. Moreover, even legal limits do not protect the plankton community, which emphasises the need of a more ecotoxicological and realistic approach to achieve a balance between agriculture development and ecosystems conservation.
Introduction
Current main environmental pressures are highly linked to human exponential population growth (United Nations Population Division 2000). One of the main consequences of population growth is an increase in food demand; therefore, agricultural practices intensify with the consequent increased use of agrochemicals (Valavanidis & Vlachogianni 2010 ). The socio-economic value of agriculture cannot be denied, however, its integration with environmental criteria must be a priority. The improper use and / or application in excess of pesticides, herbicides and fertilizers generate an impact on the ecological integrity of ecosystems, affecting their structure and function (Troncoso et al. 2002 , Parra et al. 2005 . In this sense, there is enough bibliographic information which shows that intensive agriculture is causing the disappearance and / or pollution of wetlands (Casado & Montes 1995 , Troncoso et al. 2000 , Parra et al, 2005 , García-Muñoz et al. 2011). These impacts have consequences at different hierarchical levels: from the individual by morphological, physiological and biochemical alterations, to the community level through the loss of diversity, and impairing the value and services that healthy ecosystems provide (Montes & Sala 2007) .
Ecological indicators are tools which detect changes on ecosystems that are likely to impact ecological integrity and so then the community structure and function, and consequently ecosystem services. Structural features have been usually used alone to monitor and assess impacts on the ecosystem ecological integrity, focusing on communities assemblages and their resources. Structural attributes are easiest to visualize and they are, by far, the most commonly used. Examples are species numbers, dominant species, guild composition, taxonomic representation, abundances, size composition, and others (Bain et al. 2000) . For instance, crustacean zooplankton size has been shown to be more strongly correlated with lake water quality than community taxonomic structure (Sprules 1984) . In addition to structural levels, ecosystem functional aspects are gaining more importance in the evaluation of ecosystem integrity. Functional indicators assess rates and patterns of ecosystem processes and are considered to be an essential complementary aspect to assess ecological integrity due to their different sensibility from structural levels to environmental pressures (Gessner & Chauvet 2002 ). However nowadays, society is demanding this to go further, with the intent of detecting, as soon as possible, the negative effects on ecosystems. In this sense, a warning signal is an important component of the integrated approaches that are needed to acquire a general knowledge of toxic impact, and which will allow predictions and early mitigation measures (Schmitt-Jansen et al. 2008).
The study is focused on the effects of a fungicide (copper sulfate) on trophic levels in wetlands which are surrounded by intensive olive tree agriculture. The aim was to evaluate how this toxic substance could alter structural and functional characteristics of the plankton components, and if these changes could be used as early warning signals. In the present study two different concentrations were used, the first above the legal limit, in order to find clear effects on the plankton community features. The second concentration, below the legal limit, in order to check if the changes could be detected even before the community was highly altered.
Materials and methods

Microcosms
Eighteen microcosms were set, based on, and adapted from, OECD (2006), and were placed outdoors in a specific installation at the University of Jaén (HUMEXPUJA, experimental wetland infrastructure in the University of Jaén, which were exposed to the same environmental conditions). Microcosms length, height and width were 0.34-0.28-0.24 cm respectively, 22.8 liters in volume and placed 15 cm apart from each other. Microcosms were filled with 18 liters of water and 5 cm of sediment. Water came from an artificial pond supply free of contamination and zooplankton (HUMEXPUJA). Sediment came from a natural wetland [Casillas wetland, UTM 30SVG1084 with a surface area of 2.2 ha. (Ortega et al. 2003) ], it was homogenized and distributed among the microcosms. Microcosms were established in November 2011 and the experiment was finished in January 2012. There was a stabilization period of 7 weeks before adding copper to the microcosms in order to favour the development of the planktonic communities from the resistant structures present in the sediment. The experiment lasted 21 days, with a single pesticide spike on day 0. ) shows a lower concentration than those legal limits previously mentioned. Therefore, our L treatment falls within legal limits, while the H treatment is one order of magnitude higher. Nominal dosages of copper sulfate were directly added and stirred over the water surface of the microcosms as an only pulse on day 0 for the whole experimental period. The criteria to establish the concentration of the treatments was not based on lethal concentration data of the species involved because the aim of the study focused on studying the effect over the entire plankton community. Water samples to control the fate of copper sulphate were taken every week and analyzed by ICP Mass Spectrometry.
Disturbance
Physical-chemical variables
Each microcosm was surveyed every seven days. Each time, physical-chemical measurements (temperature, pH, % dissolved oxygen and conductivity) were taken using field probes. At the same time, water samples were taken, cold stored and transported to the laboratory to perform nitrogen dissolved nutrients (nitrate) and alkalinity analysis. Alkalinity was measured in the lab using a 848 Tritino Plus device. Nitrate was determined following the reduced column Cadmium method (Keeney & Nelson 1982) .
Biological variables
Abundance and changes in phytoplankton size distribution were evaluated with flow cytometry. Water samples were taken weekly, preserved in glutaraldehide (4%), frozen in liquid nitrogen and stored at 80ºC until running the analysis with BD-LSR Fortessa flow cytometer. Calibration spheres were used to obtain a cell size regression curve: y = 0.011 x -14,388, where "x" represents the mean of the Forward Scatter (FSC), and "y" represents the cell size of the cells in µm 3 . Three cell size populations were determined characterized by a mean volume of 58 µm 3 (small), 304 µm 3 (medium) and 749 µm 3 (high). Population cells abundance were determined from an acquisition time of 180 s at a rate of 60 µL min -1 . Data analysis was performed using the FACSDIVA software. Chorophyll-a concentration was measured weekly with a field fluorometer (Aquafluor deTurner Design). Chlorophyll-a (Chl-a) concentrations were later calculated using a previously obtained calibration curve determinate by fluorometry. Calibration samples were filtered through Whatman GF/C glass microfibre filters (1.2 μm pore-size), and extracted in 90% acetone for 24 h at 4ºC (Strickland & Parsons 1968) .
Zooplankton in microcosms was sampled weekly during the study through waterintegrated samples of 100 ml. Water integrated samples were collected, then filtered through a plankton net of 30 μm, and preserved in situ with formalin (4%). The filtered water was returned to the microcosm. Zooplankton was identified to the lowest practical levels and abundance estimated.
Physical-chemical, plankton and Chl-a variables were compared among microcosms using univariate and multivariate analyses with SPSS 19 software. Repeated measures of ANOVA were used to test for time and time x treatment effects. An univariate ANOVA and a post hoc Tukey test at the sampling date were used to determine the significance of differences between treatments. Prior to analysis, data were tested for normality and homoscedasticity. Zooplankton data could not be treated with a parametric test due to its low abundance or even complete disappearance in some microcosms. Therefore, total zooplankton abundance, rotifera abundance, and copepod abundance were analyzed with the non-parametric test of Friedman to test for differences due to time and treatment. Wilcoxon post hoc test was also used to determinate which treatments were significantly different from one another. Ordination of treatment and control of physical-chemical parameters and biological variables, except phytoplankton cell size populations, were made considering a Principal Component Analysis (PCA) (CANOCO v4.5 software). PCA aimed understanding the main factors influencing microcosm's responses.
Results
Copper nominal concentrations were achieved with the spike on day 0. The degradation was very low, therefore the average concentration exposure over the whole experiment matched the intended nominal concentrations ( Table 1) . Temperature ranged from 9ºC to 13ºC during the experimental period. Dissolved oxygen (% DO), pH, conductivity and alkalinity presented significant differences between treatments and controls, while nitrate concentration did not present significant differences among them, independently of the treatment ( Table 2) . At the same time, pH was higher in H treatments in day 0 (F = 396.820, P = 0.000) and in L and H treatments in day 7 (F = 236.197, P = 0.000). Dissolved Oxygen (%) was lower in L and H treatments from day 0 (F = 148.684, P = 0.000) till the end of the experiment in day7 (F = 143.703, P = 0.000). Average oxygen content in controls, L and H treatments were 16, 13 and 12 mg l -1 respectively. Conductivity was higher in L and H treatments from day 0 (F = 4.104, P = 0.038) till the end of the experiment in day7 (F = 6.273, P = 0.010). Alkalinity was higher in L and H treatments in day 7 (F = 43.707, P = 0.000). PCA shows that those differences were not relevant enough to discriminate among treatments. PCA of physical-chemical and biological variables discriminate the controls (to the left) from the treatments (to the right) (Fig. 1) . The two main axes explain 89% of the variance, x-axis explains 69% and y-axis explains 20% and they are correlated to conductivity and copper concentration and to rotifera and zooplankton abundance, respectively.
The results obtained show a negative effect of both copper sulphate concentrations tested on the plankton community under study. Even legal limits do not protect the plankton community. The plankton community was affected by a decrease in phytoplankton and zooplankton abundances under both copper concentrations. 
Figure 1. Physical-chemical PCA ordination graph. Arrows represent the lineal combination of zooplankton variables with the first and second axes. C, L and H stand for control, low and high copper treatments respectively. D indicates the sampling days.
Phytoplankton presented differences in population abundance among microcosms (F = 5.447, P = 0.045, Table 2 ). A drastic decrease of phytoplankton populations can be observed after the copper application in the treatments with respect to the control (Fig. 2  a) . Chlorophyll a did not show significant differences (day 0, χ 2 = 2.648, P = 0.104; day 7, χ 2 = 2.406, P = 0.124; day 14, χ 2 = 2.351, P = 0.129;) even though it was lower in microcosms treated with copper ( Table 2) . Our functional indicator, Chl a, decreased but not significantly under both copper concentrations, in accordance with phytoplankton abundance decrease. In addition, variation of phytoplankton size classes of small, medium and high phytoplankton cells showed that copper treatment led to an increase in the small size group (Fig. 2) .
Total zooplankton abundance was negatively affected mainly at the end of the experiment. The average abundance of total zooplankton during the study period was 23, 10 and 18 ind l -1 in the control, L and H treatments, respectively. The zooplankton community was represented by the presence of rotifera (Euclanis sp., Brachionus sp. and Monostila sp.) and copedoda (Calanoida). Zooplankton abundance (Table 2) showed statistical differences among the controls and treatments at the end of the experiment (χ 2 = 9.500, P = 0.009) and was lower in L treatment (Wilcoxon test Z = -2.060, P = 0.039,) and H treatment (Wilcoxon test, Z = -2.060, P = 0.039) than in controls. There were not statistically significant differences among zooplankton groups in control and treatments but they behaved in different ways. 
Discussion
Even though there are some specific differences in physical-chemical parameters during the experiment, PCA shows that those differences were not relevant enough to discriminate among treatments. Therefore, all microcosms were under the same water quality and an environmental condition which allows us to refute that community differences are neither related to water quality and environmental-induced differences among microcosms, but owing to treatment effects. http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online)  2014, ALÖKI Kft., Budapest, Hungary
Phytoplankton was highly affected during the whole experiment in both low and high treatments. Even working under legal copper concentrations, there are negative impacts on the aquatic community since phytoplankton abundance in treatments differed from the control abundance. Phytoplankton sensitivity to copper has been reported in other studies (Santos et al. 2002 , Nayar et al. 2004 ). Moreover the changes in cell size group distribution showed by cytometry give information about the impairment in the plankton community and can be used as an early warning signal. Besides this fact, small size populations increased in microcosms treated with copper (Fig. 2 b) . This implies a variation of predator-prey mass ratio. Body size relation is important in trophic interactions owing to its influence in growth efficiency. Growth efficiency depends on the relative body size of the prey, and on the prey density (Kerr & Dickie 2001) , and copper sulfate treatments have affected both aspects. Therefore, phytoplankton cell size changes towards smaller sizes may have indirect effects upon the zooplankton community through a reduction in its growth efficiency. Phytoplankton structural features showed the first warning signals: these were a drastic decrease of phytoplankton abundance and changes towards smallest cell sizes after copper application; hence, its measure could be used as a simple and efficient tool to identify an early impairment signal. In this sense, flow cytometry has been shown as a very rapid and useful technique. As has been mentioned before, a warning signal is an important component of the integrated approaches that are needed to acquire a general knowledge of toxic impact allowing predictions and early mitigation measures (Schmitt-Jansen et al. 2008 ) and flow cytometry could be easily incorporated in the assessment and biomonitoring programs.
The delay in zooplankton response could be related to an indirect effect of copper on trophic interactions. The direct effect of copper on phytoplankton affected zooplankton food availability. Therefore food resources decreased for zooplankton but the effect on zooplankton was not detected right away after copper application. Moreover, this different response timing is also related with the different life span of phytoplankton and zooplankton, being faster in phytoplankton. Even though there were no statistically significant differences among zooplankton groups in control and treatments, they behave in different way. For instance, the copepoda disappearance in some treatment microcosms suggest a specific impact in that group's ability to face the experimental conditions, and consequently in its potential recovery capacity. At the same time, rotifera responded differently to copper treatments, increasing its abundance in treatment microcosms, which implies that there had been a community shift both in L and H treatments that could not be observed at total zooplankton abundance level. In fact, the control microcosms had more than double that of the zooplankton in both L and H treatments, showing the importance of analyzing changes at a lower hierarchical level in order to better understand the changes at a higher hierarchical level. Going deeper into zooplankton shift, it has been shown in other studies that rotifera are more tolerant immediately after copper application than other organisms even up to 20 mg l -1 of copper, however after 8 days under copper exposure from 0.5 mg l -1 to 20 mg l -1 its population was dramatically affected (Källqvic & Meadows 1978) . Large-bodied zooplankton also is more sensitive to environmental stressors including pesticides than their smaller congeners (Havens & Hanazato 1993) . Further, copedoda and rotifera play a different role in the ecosystems and in the food web structure. For instance, macrozooplankton, as copedoda, grazing pressure has a stronger role than rotifera in regulating phytoplankton which is an important function to control eutrophication (Miracle et al. 2007 ). Kasai & Hanazato (1995) , using experimental ponds, observed that the herbicide simetryn caused a decrease in zooplankton density due to indirect effects related to a decrease of algae. But picking up the changes in phytoplankton size, it is interesting to note that at the end of the experiments, both L and H treatments, showed higher proportion of small phytoplankton cells than control. The smallest filterfeeders could take advantage exploiting the mentioned small food resources, increasing their abundances. In addition, the community shift could be a response caused not only by the apparent higher rotifera tolerance to copper but also by other indirect situations. The main indirect effect is the decrease of competence for food resources due to copedoda reduction that allows the increase of rotifera population. Miracle et al. (2007) found an inverse relationship among rotifera and cyclopoida copepod abundance under perturbation. This inverse relationship of rotifera and copedoda under perturbation has been found in other studies. For instance Richard et al. (1985) observed how under herbicide treatment there were shifts from copedoda and copedoda-cladoceran dominated communities to rotifera and small cladoceran dominated communities. A similar relationship was found by Gagneten & Paggi (2009) , under heavy metals treatments (Pb and Cu) rotifera increased while copedoda and cladocera decreased. Both studies used such relationship as a tool to characterize the water bodies under study: in the first case the trend towards rotifera was identified as an indicator of eutrophy impairment and in the second case as a tool to determinate heavy metals impairment. In this study, an inverse relationship between rotifera and copedoda matches with other observations that indicate copper impairment as the decrease of total zooplankton in the treatments. Therefore, it supports its use as an easy and cost-efficient indicator and warning signal of contamination in aquatic systems as Gagneten & Paggi (2009) also suggested. The negative impact that has been showed during this short term experiment on the poorest food resources could be intensified, in the long term, to the zooplankton community. The impairment in trophic relationships observed due to copper exposition, allows considering both, phytoplankton and zooplankton changes, as early warning signals. In nature, loss of species at basal trophic levels can affect production at higher levels and thus can also lead to decreased energy transfer efficiency (Gamfeldt et al. 2005) . Undoubtedly, further studies must be developed to confirm these results in long term exposition, with different toxic substances, and this with holistic approaches that can detect indirect effect and alarm signals as the phytoplankton did.
Chlorophyll content is used to highlight stress due to a single environmental factor or to a combination of different environmental factors, but it also constitutes potential biomarkers of anthropogenic stress (Ferrat et al. 2003) . However, in the present study Chlorophyll-a, as a functional indicator, has not been shown as effective as structural changes indicating alterations in plankton community.
This study works towards a deeper understanding of the agrochemicals negative effects on plankton communities at concentrations above but also below their legal limits. Surprisingly, even legal limits do not protect the plankton community. This result emphasizes the need of more ecological and realistic approaches to ensure adequate regulation limits in order to achieve a balance between development and conservation.
